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[57] ABSTRACT 
A rear wheel steering apparatus for an automobile de 
tects a vehicle speed and turns rear wheels at a rear 
wheel turning angle ratio according to the detected 
vehicle speed upon turning of front wheels. The appara 
tus includes a vehicle speed detection section for detect 
ing a vehicle speed, a setting section for setting a rear 
wheel turning angle ratio in accordance with the vehi 
cle speed detected by the vehicle speed detection sec 
tion, a travel detection section detecting a travel state of 
a vehicle, a change section for changing turning angle 
ratio control by the setting section to fail-safe control 
when a detection output from the vehicle speed detec 
tion section is zero and the travel detection section 
detects the travel state of the vehicle, a brake detection 
section for detecting a brake operation state, and an 
inhibition section for inhibiting a change from the nor 
mal turning angle ratio control to the fail-safe control 
by the change section when the brake detection section 
detects a brake operation state. 

24 Claims, 10 Drawing Sheets 
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REAR WHEEL STEERING APPARATUS FOR 
AUTOMOBILE 

BACKGROUND OF THE INVENTION 

The present invention relates to a rear wheel steering 
apparatus for an automobile for turning rear wheels 
together with front wheels upon operation of a steering 
wheel and, more particularly, to a rear wheel steering 
apparatus for an automobile capable of changing a ratio 
of a rear wheel turning angle to a front wheel turning 
angle (to be referred to simply as a rear wheel turning 
angle ratio hereinafter) in accordance with a vehicle 
speed. 
A known four-wheel steering apparatus comprising a 

rear wheel steering apparatus for an automobile (or 
vehicle) turns front and rear wheels in accordance with 
an operation of a steering wheel, and changes the rear 
wheel turning angle ratio based on a predetermined rear 
wheel turning angle ratio characteristic in accordance 
with a vehicle speed, as disclosed in Japanese Patent 
Publication No. 60-44185. In this case, the rear wheel 
turning angle ratio characteristic is set as follows. More 
speci?cally, the front and rear wheels are turned in an 
opposite phase state at a low vehicle speed lower than a 
predetermined vehicle speed (e. g., 35 km/h) to improve 
a turning radius of a vehicle. At the predetermined 
vehicle speed, the rear wheels are not turned to set a 
so-called 2WS mode. At a high vehicle speed higher 
than the predetermined vehicle speed, the front and rear 
wheels are steered in an in-phase state to set a so-called 
4WS mode, thereby improving travel stability of a vehi 
cle (lane change stability). 

In a conventional rear wheel steering apparatus of 
this type, when a vehicle travels along a curved road at 
a vehicle speed higher than the predetermined vehicle 
speed, since the front and rear wheels are turned in the 
in-phase state, a so-called high-speed cornering charac 
teristic can be maintained well. During high-speed cor 
nering, if a driver ?nds an obstacle ahead and quickly 
depresses a brake pedal, the vehicle is quickly deceler 
ated, and the rear wheel turning angle ratio is quickly 
changed to the opposite phase state, accordingly. For 
this reason, in order to maintain a stable vehicle position 
during cornering and to assure stable travel, the front 
and rear wheels must ?rmly grip the road surface. Nev 
ertheless, the degree of in-phase state is decreased, and 
finally, the rear wheels are turned in the opposite phase 
state. As a result, an inertial force acts in a vehicle body 
to generate a yaw rate, and accidental turning tendency 
of the vehicle is enhanced. Such a phenomenon appears 
as a so-called tuck-in phenomenon. 

In particular, when the rear wheels are locked and 
slip by braking, the following problems are posed. That 
is, in this case, although the vehicle body travels at a 
certain speed, va vehicle speed sensor used for control 
ling the rear wheel turning angle ratio detects a wheel 
speed. For this reason, the output from the vehicle 
speed sensor immediately becomes zero upon locking. 
As a result, the rear wheel turning angle ratio is immedi 
ately changed to the maximum value of the opposite 

. phase state according to the detection result from the 
vehicle speed sensor. In combination with a decrease in 
gripping force of tires upon locking, a very unstable 
travel state may occur. 
For this reason, as disclosed in Japanese Utility 

Model Publication No. 62-5974, in a vehicle-speed sen 
sitive rear wheel steering apparatus for a vehicle, when 
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2 
a quick deceleration of a vehicle is detected, the rear 
wheel turning angle ratio is set in an in-phase range to 
obtain a steering angle corresponding to the travel con 
dition of the vehicle (an angle for increasing a slip an 
gle), thereby preventing so-called tuck-in. 
As disclosed in Japanese Patent Laid-Open (Kokai) 

No. 59-81275, in a vehicle-speed sensitive rear wheel 
steering apparatus for a vehicle, when a quick decelera 
tion of a vehicle is detected, a change in rear wheel 
turning angle ratio is delayed to prevent the above-men 
tioned tuck-in phenomenon. 
As a known means for detecting the quick decelera 

tion of the vehicle, a vehicle speed sensor is used, and 
the quick deceleration is determined when the output 
from the vehicle speed sensor is quickly decreased. 
Alternatively, both a brake sensor and the vehicle speed 
sensor are used, and the quick deceleration is deter 
mined when the output from the vehicle speed sensor is 
quickly decreased after a brake pedal is depressed. 
As disclosed in Japanese Patent Laid-Open (Kokai) 

No. 59-81274, upon quick deceleration, as alternative 
means of a technique for delaying a change in rear 
wheel turning angle ratio, a means for ?xing the rear 
wheel turning angle ratio or a means for setting the rear 
wheel turning angle ratio to “0” to set the 2WS mode is 
known. 
However, in these prior arts, after the quick decelera 

tion of a vehicle is detected, the rear wheel turning 
angle ratio is controlled to prevent tuck-in. For this 
reason, the following problems are posed. 
More speci?cally, when a quick deceleration of a 

vehicle is detected, a time of generation of the quick 
deceleration is very short, e.g., in the order of several 
hundreds of msec. Meanwhile, a sampling time of the 
vehicle speed sensor for controlling the rear wheel 
turning angle ratio is 131 msec at present. For this rea 
son, in actual deceleration detection, only 2 to 3 detec 
tion results can only be obtained every 131 msec, and it 
is impossible to calculate the deceleration per unit time 
based on such a small amount of data so as to accurately 
determine whether or not the present deceleration falls 
in a quick deceleration range. In this manner, the con 
ventional apparatus can only discriminate a decelera 
tion with considerable inaccuracy. 
When the rear wheel turning angle ratio is to be 

changed based on such an inaccurate quick deceleration 
discrimination result, a quick deceleration may be erro 
neously discriminated even if it is not so. If such errone 
ous discrimination is made, although the rear wheel 
turning angle ratio should be set in an opposite phase 
state as the vehicle speed is decreased, the in-phase state 
is maintained. Although the rear wheel turning angle 
ratio should be, for example, ?xed to maintain a safe 
travel state when a vehicle is quickly decelerated in 
practice, the quick deceleration cannot be determined 
due to inaccuracy of the vehicle speed sensor, and the 
rear wheel turning angle ratio is not ?xed but may be 
changed in an opposite phase state. Thus, a travel prop 
erty of the vehicle is greatly impaired due to inaccuracy 
of the current vehicle speed sensor. 

Since this vehicle speed sensor is conventionally of a 
contact type, so-called chattering often occurs. When 
chattering occurs in the vehicle speed sensor, a control 
mechanism determines a quick acceleration since an 
input signal is temporarily increased. Meanwhile, when 
the chattering terminates, the normal number of input 
signals is recovered. Therefore, the control mechanism 
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determines a quick deceleration as a reaction of the 
preceding quick acceleration discrimination. 

In this manner, when a quick deceleration is errone 
ously determined, the rear wheel turning angle ratio is 
?xed in the in-phase state although it need not be ?xed, 
and the travel property of the vehicle is impaired. 

In the vehicle-speed sensitive rear wheel steering 
apparatus using the existing vehicle speed sensor, a 
travel property may be impaired due to inaccuracy of 
the vehicle speed sensor, and since only the quick decel 
eration is taken into consideration, an unnecessary or 
erroneous ?xing operation of a rear wheel turning angle 
ratio is performed, and a travel property is spoiled. 
When a quick deceleration of a vehicle is detected or 

when both the vehicle speed sensor and the brake sen 
sor are used, the following problems are pointed out in 
addition to the above-mentioned problems of the vehi 
cle speed sensor. 
When a vehicle travels along a road of a bad condi 

tion, if a wheel climbs over a projecting portion of a 
three-dimensional pattern on the road surface while a 
brake pedal is being depressed, the rotational speed of 
the wheel is instantaneously decreased, and the detec 
tion result of the vehicle speed sensor may fall in the 
quick deceleration range. In this case, if this travel state 
occurs during cornering, the rear wheel steering angle 
ratio is ?xed in the in-phase state in the conventional 
apparatus. Therefore, even if a driver intends to per 
form cornering with good turnability in the opposite 
phase state, the vehicle cannot be turned well, and a 
travel property is considerably impaired. 

In this manner, in the conventional apparatus, when 
the brake pedal is quickly depressed to avoid danger 
during high-speed cornering, since control for ?xing the 
rear wheel turning angle ratio in the in-phase state is 
performed in consideration of only the quick decelera 
tion in the vehicle speed sensor, an unnecessary or erro 
neous ?xing operation of the rear wheel turning angle 
ratio is performed, and a travel property is spoiled. 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration 
of the above problems, and has as its ?rst object to 
provide a rear wheel steering apparatus for an automo 
bile which can satisfactorily maintain a travel property 
matching with a travel state during cornering. 

In the prior art, if a deceleration is detected during 
turning at a constant steering angle, a rear wheel tum 
ing angle ratio K is changed to change the rear wheel 
turning angle even at the constant steering angle. As a 
result, the tuck-in phenomenon occurs, and a driver 
feels uneasy and cannot easily drive the vehicle. In 
consideration of this problem, the prior art employs a 
means for ?xing the rear wheel turning angle ratio dur 
ing deceleration, and so on. 
That is, it can be considered that the prior art em 

ploys a vehicle body speed (actual vehicle speed) and a 
value of a vehicle speed sensor (detected vehicle speed) 
while they coincide with each other. Therefore, the 
prior art adopts an arrangement wherein a rear wheel 
turning angle ratio is ?xed at a point corresponding to a 
deceleration (B) for preventing tuck~in or more. As can 
be understood from this, there is no doubt that the prior 
art corresponds to the generic concept of the present 
invention wherein the rear wheel turning angle ratio is 
?xed at a point corresponding to a deceleration (A) at 
which wheels are locked. 
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However, since the prior art has (B) as an object to be 

controlled, it only detects a deceleration, and in this 
case, various problems are posed as described in this 
speci?cation. Since often not only (B) but also (A) may 
not be detected, a problem is posed. In this invention, a 
deceleration region of (B) corresponds to a region 
wherein the vehicle body speed coincides with the 
value of the vehicle speed sensor. Therefore, the rear 
wheel turning angle ratio can be controlled based on the 
sensor value, thus posing no problem. However, in a 
region of (A), it is dangerous if the rear wheel turning 
angle ratio cannot be reliably ?xed. Thus, the present 
invention provides control capable of reliably detecting 
the region of (A). 

In the region of (A), the vehicle body speed is differ 
ent from the value of the vehicle speed sensor, the rear 
wheel turning angle ratio becomes a maximum value in 
the opposite phase state, and the tires lose a gripping 
force since the wheel are locked. Therefore, the present 
inventors considered that this region must be reliably 
controlled. 

In order to attain the above ?rst object, according to 
a ?rst aspect of the present invention, there is provided 
a rear wheel steering apparatus for an automobile for 
detecting a vehicle speed and turning rear wheels based 
on a rear wheel turning angle ratio according to the 
detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: discrimination 
means for discriminating a travel state; ?rst setting 
means for, when the discrimination means discriminates 
a normal travel state, setting a rear wheel turning angle 
ratio based on a ?rst characteristic according to the 
detected vehicle speed; and second setting means for, 
when the discrimination means detects that wheels are 
locked, setting the rear wheel turning angle ratio based 
on a second characteristic for stabilization. 

In the first aspect of the rear wheel steering apparatus 
for an automobile with the above arrangement, when 
locking of wheels is detected, a control mode is 
changed from normal rear wheel turning angle ratio 
change control to rear wheel turning angle ratio change 
control having a characteristic for stabilization. In this 
manner, even if wheels are locked, a travel state of a 
vehicle can be safely controlled. 

It is a second object of the present invention to pro 
vide a rear wheel steering apparatus for an automobile, 
in which when lock control is performed upon detec 
tion of a lock state of wheels in order to satisfactorily 
maintain a travel property matching with a travel con 
dition during cornering, fail-safe control is not errone 
ously performed and lock control can be reliably per 
formed. 

In order to attain the second object, according to a 
second aspect of the present invention, there is provided 
a rear wheel steering apparatus for an automobile for 
detecting a vehicle speed and turning rear wheels based 
on a rear wheel turning angle ratio according to the 
detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: vehicle speed 
detection means for detecting a vehicle speed; setting 
means for setting a rear wheel turning angle ratio in 
accordance with the vehicle speed detected by the vehi 
cle speed detection means; abnormality discrimination 
means for discriminating that an output from the vehi 
cle speed detection means is quickly decreased over a 
predetermined value; change means for, when the ab 
normality discrimination means detects that the output 
from the vehicle speed detection means is quickly de 
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creased, changing rear wheel turning angle control by 
said setting means to fail-safe control; brake detection 
means for detecting a brake operation state; and inhibi 
tion means for, when the brake detection means detects 
the brake operation state, inhibiting a change from the 
normal rear wheel turning angle ratio control to fail 
safe control by the change means. 

In the second aspect of the rear wheel steering appa 
ratus for an automobile with the above arrangement, a 
lock state of wheels is detected under the condition that 
the brake detection means detects the brake operation 
state. A quick decrease in output from the vehicle speed 
detection means while the brake operation state is de 
tected is discriminated not as a failure but as a lock state 
of the wheels. In this manner, when the brake detection 
means detects the brake operation state, a change from 
normal rear wheel turning angle ratio control to fail 
safe control in the change means is inhibited. 

It is a third object of the present invention to provide 
a rear wheel steering‘ apparatus for an automobile, 
which can reliably prevent rear wheels from being 
turned at a wrong turning angle ratio upon erroneous 
lock detection of wheels. 

In order to attain the above third object, according to 
a third aspect of the present invention, there is provided 
a rear wheel steering apparatus for an automobile for 
detecting a vehicle speed and turning rear ‘wheels based 
on a rear wheel turning angle ratio according to the 
detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: vehicle speed 
detection means for detecting a vehicle speed; discrimi 
nation means for discriminating a travel state; ?rst set 
ting means for, when the discrimination means discrimi 
nates a normal travel state, setting a rear wheel turning 
angle ratio based on a ?rst characteristic according to 
the detected-vehicle speed; second setting means for, 
when the discrimination means detects that wheels are 
locked, setting the rear wheel turning angle ratio based 
on a second characteristic different from the ?rst char 
acteristic; and inhibition means for, when a detection 
output from the vehicle speed detection means is 
quickly increased over a predetermined value, inhibit 
ing setting in the second setting means. 

In the third aspect of the rear wheel steering appara 
tus for an automobile with the above arrangement, 
when a lock state of wheels is detected, a control mode 

. is changed from normal turning angle ratio control 
based on the ?rst turning angle ratio characteristic to 
turning angle ratio control based on the second charac 
teristic different from the ?rst turning angle ratio char 
acteristic. When the detection output from the vehicle 
speed detection means is quickly increased over the 
predetermined value, the inhibition means inhibits set 
ting in the second setting means. In this manner, even if 
a vehicle speed is quickly increased, the rear wheel 
turning angle ratio is kept to have the ?rst characteris 
tic, and the automobile can be controlled with good 
travel property. 

It is a fourth object of the present invention to pro 
vide a rear wheel steering apparatus for an automobile, 
in which when lock control is performed upon detec 
tion of a lock state of wheels in order to satisfactorily 
maintain a travel property matching with a travel con 
dition during cornering, after the lock state of the 
wheels is released, lock control is quickly canceled, and 
normal rear wheel turning angle ratio control is recov 
ered to keep travel stability in a normal travel state and 
to improve product quality. 
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6 
The fourth object can be attained by fourth to sev 

enth aspects of a rear wheel steering apparatus for an 
automobile below. 
That is, in order to attain the fourth object described 

above, according to a fourth aspect of the present irr 
vention, there is provided a rear wheel steering appara 
tus for an automobile for detecting a vehicle speed and 
turning rear wheels based on a rear wheel turning angle 
ratio according to the detected vehicle speed in accor 
dance with a turning operation of front wheels, com 
prising: vehicle speed detection means for detecting a 
vehicle speed; lock detection means for detecting a lock 
state of wheels; setting means for, when the lock detec 
tion means detects the lock state of the wheels, chang 
ing a rear wheel turning angle ratio from a normal ?rst 
characteristic to a second characteristic for stabilization 
to set a lock control state; and cancel means for, when 
a predetermined period of time has passed from detec 
tion of the lock state of the wheels by the lock detection 
means, changing the rear wheel turning angle ratio from 
the second characteristic to the ?rst characteristic to 
cancel the lock control state. 

In the fourth aspect of the rear wheel steering appara 
tus for an automobile with the above arrangement, lock 
control is canceled after a predetermined period of time 
has passed from detection of the lock state of the 
wheels. In this manner, after the lapse of the predeter— 
mined period of time, the vehicle speed detected by the 
vehicle speed detection means coincides with an actual 
vehicle speed. Since cancellation of the lock state of the 
wheels is discriminated in this manner, after the lock 
state of the wheels is actually released, the lock control 
state can be reliably canceled, and a normal rear wheel 
turning ratio angle control state can be recovered. 
Thus, travel stability in a normal travel state can be 
maintained, and product quality can be improved. 

In order to attain the fourth object, according to a 
?fth aspect of the present invention, there is provided a 
rear wheel steering apparatus for an automobile for 
detecting a vehicle speed and turning rear wheels based 
on a rear wheel turning angle ratio according to the 
detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: vehicle speed 
detection means for detecting a vehicle speed; lock 
detection means for detecting av lock state of wheels; 
setting means for, when the lock detection means de 
tects the lock state of the wheels, changing a rear wheel 
turning angle ratio from a normal ?rst characteristic to 
a second characteristic for stabilization to set a lock 
control state; and cancel means for, when the vehicle 
speed detected by the vehicle speed detection means 
substantially coincides with an actual vehicle speed, 
changing the rear wheel turning angle ratio from the 
second characteristic to the ?rst characteristic to cancel 
the lock control state. 

In the ?fth aspect of the rear wheel steering apparatus 
for an automobile with the above arrangement, after the 
lock state of the wheels is detected, release of the lock 
state of the wheels is discriminated when the vehicle 
speed detected by the vehicle speed detection means 
substantially coincides with an actual vehicle speed. 
Since release of the lock state of the wheels is discrimi 
nated in this manner, the lock control state can be 
quickly canceled after the lock state of the wheels is 
actually released, and a normal rear wheel turning angle 
control state can be recovered. Thus, travel stability in 
a normal travel state can be maintained, and product 
quality can be improved. 
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In order to attain the fourth object, according to a 
sixth aspect of the present invention, there is provided a 
rear wheel steering apparatus for an automobile for 
detecting a vehicle speed and turning rear wheels based 
on a rear wheel turning angle ratio according to the 
detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: vehicle speed 
detection means for detecting a vehicle speed; lock 
detection means for detecting a lock state of wheels; 
setting means for, when the lock detection means de 
tects the lock state of the wheels, changing a rear wheel 
turning angle ratio from a normal ?rst characteristic to 
a second characteristic for stabilization to set a lock 
control state; brake detection means for detecting a 
depression state of a brake pedal; and cancel means for, 
when a predetermined period of time has passed after 
detection of depression of the brake pedal by the brake 
detection means is stopped, changing the rear wheel 
tuming angle ratio from the second characteristic to the 
first characteristic in the setting means to cancel the 
lock control state. ' 

In the sixth aspect of the rear wheel steering appara 
tus for an automobile with the above arrangement, lock 
control is canceled when the predetermined period of 
time has passed after a braking force to the wheels is 
released. In this manner, after the lapse of the predeter 
mined period of time, the wheels grip a road surface, 
and the vehicle speed detected by the vehicle speed 
detection means substantially coincides with an actual 
vehicle speed. When cancellation of the lock state of the 
wheels is discriminated in this manner, it is determined 
that no trouble is caused if the lock control state is 
canceled after the lapse of the predetermined period of 
time from detection of release of depression of the brake 
pedal by the brake detection means, and a normal rear 
wheel turningangle ratio control state is recovered. As 
a result, travel stability in a normal travel state can be 
assured, and product quality can be improved. 

In order to attain the fourth object, according to a 
seventh aspect of the present invention, there is pro 
vided a rear wheel steering apparatus for an automobile 
for detecting a vehicle speed and turning rear wheels 
based on a rear wheel turning angle ratio according to 
the detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: vehicle speed 
detection means for detecting a vehicle speed; lock 
detection means for detecting a lock state of wheels; 
setting means for, when the lock detection means de 
tects the lock state of the wheels, changing a rear wheel 
turning angle ratio from a normal ?rst characteristic to 
a second characteristic for stabilization to set a lock 
control state; and cancel means for, when a vehicle 
speed signal excluding a signal indicating that a vehicle 
speed is zero is continuously input from the vehicle 
speed detection means for a predetermined period of 
time, changing the rear wheel turning angle ratio from 
the second characteristic to the ?rst characteristic to 
cancel the lock control state. 

In the seventh aspect of the rear wheel steering appa 
ratus for an automobile with the above arrangement, 
when vehicle speed data excluding vehicle speed zero 
data is input from the vehicle speed detection means for 
a predetermined period of time after the lock state of the 
wheels is detected, it is determined that the lock state of 
the wheels is released and the wheels grip a road sur 
face. When release of the lock state of the wheels is 
determined in this manner, the lock control state can be 
quickly canceled, and a normal rear wheel turning angle 
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8 
ratio control state can be recovered. As a result, travel 
stability in a normal travel state can be assured, and 
product quality can be improved. 

It is a ?fth object of the present invention to provide 
a rear wheel steering apparatus for an automobile which 
can quickly determine a lock state of wheels, and can 
reliably perform lock control. 

In order to attain the fifth object, according to an 
eighth aspect of the present invention, there is provided 
a rear wheel steering apparatus for an automobile for 
detecting a vehicle speed and turning rear wheels based 
on a rear wheel turning angle ratio according to the 
detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: a plurality of 
vehicle speed detection means for detecting a vehicle 
speed; setting means for setting a rear wheel turning 
angle ratio in accordance with the vehicle speeds de 
tected by the plurality of vehicle speed detection means; 
and discrimination means for discriminating a lock state 
of wheels using the detection output from one of the 
plurality of vehicle speed detection means. 

In the eighth aspect of the rear wheel steering appara 
tus for an automobile with the above arrangement, a 
detected vehicle speed used for setting a rear wheel 
turning angle ratio is determined based on vehicle 
speeds detected by two vehicle speed detection means, 
and a detected vehicle speed used for discriminating a 
lock state of the wheels employs a detected vehicle 
speed obtained from one of the two vehicle speed detec 
tion means. In this manner, the detected vehicle speed 
for lock discrimination is directly input to the discrimi 
nation means without being subjected to data process 
ing, and lock discrimination can be quickly executed. 

It is a sixth object of the present invention to provide 
a rear wheel steering apparatus for an automobile, in 
which when a lock state of wheels is detected to per 
form lock control in order to satisfactorily maintain 
travel property matching with a travel state during 
cornering, erroneous fail-safe control is prevented from 
being executed, and lock control can be reliably per 
formed in an actual travel state, and to provide a rear 
wheel steering apparatus for an automobile which can 
prevent fail-safe control from being erroneously exe 
cuted. 

In order to attain the sixth object, according to a 
ninth aspect of the present invention, there is provided 
a rear wheel steering apparatus for an automobile for 
detecting a vehicle speed and turning rear wheels based 
on a rear wheel turning angle ratio according to the 
detected vehicle speed in accordance with a turning 
operation of front wheels, comprising: vehicle speed 
detection means for detecting a vehicle speed; setting 
means for setting a rear wheel turning angle ratio in 
accordance with the vehicle speed detected by the vehi 
cle speed detection means; travel detection means for 
detecting a travel state of a vehicle; change means for, 
when a detection output from the vehicle speed detec 
tion means is zero and the travel detection means de 
tects the travel state of the vehicle, changing turning 
angle ratio control by the setting means to fail-safe 
control; brake detection means for detecting a brake 
operation state; and inhibition means for, when the 
brake detection means detects the brake operation state, 
inhibiting a change from the normal turning angle ratio 
control to the fail-safe control by the change means. 

In the ninth aspect of the rear wheel steering appara 
tus for an automobile with the above arrangement, the 
lock state of wheels is detected under the condition that 
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the brake detection means detects the brake operation 
state. Thus, an output zero state of the vehicle speed 
detection means in a state wherein the brake operation 
state is detected is determined not as a failure but as a 
lock state of wheels. An output zero state of the vehicle 
speed means in a state wherein the brake operation state 
is detected while the vehicle stands still is determined 
not as a failure but as a check state. As a result, when the 
brake operation state is detected by the brake detection 
means, a change from normal turning angle ratio con 
trol to fail-safe control by the change means is inhibited. 
Other features and advantages of the present inven 

tion will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same or 
similar parts throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view showing an arrangement of a 
four-wheel steering apparatus comprising an embodi 
ment of a rear wheel steering apparatus for an automo 
bile according to the present invention; 
FIG. 2 is a perspective view schematically showing 

an arrangement of the rear wheel steering apparatus; 
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FIG. 3 is a perspective view showing a setting state of 25 
?rst and second vehicle speed sensors; 
FIG. 4 is a diagram showing a control unit of the rear 

wheel steering apparatus; 
FIG. 5 is a graph showing various characteristics in 

rear wheel turning angle ratio control; 
FIGS. 6A to 6D are timing charts for explaining four 

’ cancel conditions of lock control; and 
FIGS. 7A to 7C are flow charts schematically show 

ing a control procedure of the control unit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An embodiment of a rear wheel steering apparatus 
for an automobile according to the present invention 
will be described hereinafter with reference to the ac 
companying drawings. 
FIGS. 1 and 2 show a four-wheel steering mechanism 

12 having a rear wheel steering apparatus 10 according 
to an embodiment of the present invention. In FIGS. 1 
and 2, reference symbols FL, FR, RL, and RR denote 
four wheels of a vehicle steered by the four-wheel steer 
ing'mechanism 12. The left and right front wheels FL 
and FR are connected to be turned by a front wheel 
steering apparatus 14, and the left and right rear wheels 
RL and R are connected to be turned by the rear 
wheel steering apparatus 10. 
The front wheel steering apparatus 14 is constituted 

by a pair of left and right knuckle arms 16L and 16R, tie 
rods 18L and 18R, and a relay rod 20 for coupling the 
left and right tie rods 18L and 18R. A steering wheel 24 
is connected to the front wheel steering apparatus 14 
through a rack and pinion steering mechanism 22. The 
steering mechanism 22 comprises a ?rst rack 28 formed 
on the relay rod 20, and a steering shaft 32 having an 
upper end coupled to the steering wheel 24 and a lower 
end to which a ?rst pinion 30 meshed with the ?rst rack 
58 is attached. In this manner, the left and right front 
wheels FL and FR can be turned in accordance with an 
operation (rotation) of the steering wheel 24. 
The rear wheel steering apparatus 10 has left and 

right knuckle arms 34L and 34R, tie rods 36L and 36R, 
and a relay rod 38 for coupling the tie rods 36L and 36R 
as in the front wheel steering apparatus 14, and further 
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10 
has a hydraulic power steering mechanism 26. The 
power steering mechanism 26 is ?xed to a vehicle body, 
and comprises a power cylinder 40 using the relay rod 
38 as a piston rod. 
A piston 40a is disposed in the power cylinder 40 to 

be in slidable contact with its inner surface and to be 
movable in the axial direction. The piston 40a is inte 
grally attached to the relay rod 38. The interior of the 
power cylinder 40 is partitioned into two hydraulic 
chambers 40b and 40c by the relay rod 38 via piston 40a. 
These hydraulic chambers 40b and 40c are coupled to a 
control valve 46 through pipes 42 and 44, respectively. 
Two pipes, e.g., an oil supply pipe 50 and an oil exhaust 
pipe 52 extending to a reservoir tank 48 are connected 
to the control valve 46. A hydraulic pump 54 driven by 
an engine (not shown) is connected to the oil exhaust 
pipe 52. 
The control valve 46 is of a known spool valve type 

The control valve 46 comprises a cylindrical valve 
casing 46a integrally mounted on the relay rod 38 
through a coupling member 56, and a spool valve (not 
shown) ?tted in the valve casing 46a. In the control 
valve 46 with this arrangement, a compressed oil from 
the hydraulic pump 54 is supplied to one hydraulic 
chamber 40b (or 40c) of the power cylinder 40 upon 
movement of the spool valve, and as a result, a drive 
force for the relay rod 38 can be assisted by the com 
pressed oil. 

Return springs 40d for biasing the relay rod 38 to a 
neutral position (a position where a turning angle 0R of 
the rear wheels RL and RR becomes zero) are respec 
tively mounted in the hydraulic chambers 40b and 40c 
of the power cylinder 40 described above. 
A second rack 58 is formed on the relay rod 20 of the 

front wheel steering apparatus 14 at a position different 
from the ?rst rack 28 constituting the steering mecha 
nism 22. A second pinion 62 mounted on the front end 
of a rear steering shaft 60 extending along the back-and 
forth direction of the vehicle is meshed with the second 
rack 58. The rear end of the steering shaft 60 is coupled 
to the rear wheel steering apparatus 10 through a tum 
ing angle ratio control mechanism 64. 
The turning angle ratio control mechanism 64 has a 

control rod 66 which is held to be slidable along a mov 
ing axis defined along the direction of a vehicle width, 
as shown in FIG. 2. One end of the control rod 66 is 
coupled to the spool valve in the control valve 46. 
The turning angle ratio control mechanism 64 com 

prises a holder 68 having a U-shaped proximal end 
portion. A support pin 70 is pivotally and axially sup 
ported between the two ends of the U-shaped portion of 
the holder 68. A swing arm 72 is ?xed to the central 
portion of the support pin 70 to be perpendicular 
thereto. More speci?cally, the swing arm 72 is swing 
ably received by the holder 68 through the support pin 
70. A support shaft 74 is ?xed to the central portion of 
the holder 68. The support shaft 74 is supported on a 
casing (not shown) of the turning angle ratio control 
mechanism 64 ?xed to the vehicle body to be pivotal 
about a pivot axis which is determined to be perpendic 
ular to the moving axis of the control rod 66 described 
above. 

In other words, the support pin 70 of the swing arm 
72 is located at the intersection between both the axes 
(i.e., the moving axis of the control rod 66 and the pivot 
axis of the support shaft 74), and extends in a direction 
perpendicular to the pivot axis. When the holder 68 is 
pivoted about the pivot axis together with the support 



4,926,955 
11 

shaft 74, an inclination angle de?ned by the support pin 
70 at its distal end and the moving axis of the control 
rod 66 is changed. More speci?cally, an inclination 
angle de?ned by a swing path plane of the swing arm 72 
having the support pin 70 as the center and a plane 
perpendicular to the moving axis (to be referred to as a 
reference plane hereinafter) is changed. 
One end of a connecting rod 78 is coupled to the 

distal end portion of the swing arm 72 through a ball 
joint 76. The other end portion of the connecting rod 78 
is coupled to the other end portion of the control rod 60 
through a ball joint 80. In this manner, the control rod 
66 is displaced along the direction of the vehicle width 
according to the swing movement of the distal end of 
the swing arm 72. 
The connecting rod 78 slidably extends through a 

through hole formed in an eccentric portion of a disk 
like rotational force providing member 82 near the ball 
joint 76 through a ball joint 84. A large-diameter bevel 
gear 88 pivotally supported through a support shaft 86 
located coaxially with the moving axis of the control 
rod 66 is formed integrally with the rotational force 
providing member 82. A small-diameter bevel gear 90 
attached to the rear end of the rear steering shaft 60 is 
meshed with the large bevel gear 88. In this manner, the 
rotational force of the steering wheel 24 is transmitted 
to the rotational force providing member 82. 
For this reason, the rotational force providing mem 

ber 82 is rotated by an amount corresponding to a rota 
tional angle of the steering wheel 24, and as a result, the 
connecting rod 78 is pivoted about the moving axis of 
the control rod 66. When the swing arm 72 is pivoted 
about the support pin 70 and when the axis of the sup 
port pin 70 coincides with the moving axis of the con 
trol rod 66 (at the neutral position), the ball joint 76 at 
the distal end-of the swing arm 72 swings in only the 
reference plane, and the control rod 66 is kept in posi 
tion without being moved along the moving axis. 
When the axis of the support pin 70 is inclined with 

respect to the moving axis and when the swing path 
plane of the swing arm 72 is deviated from the reference 
plane, the ball joint 76 is displaced in the direction of the 
vehicle width upon swing movement of the swing arm 
72 about the support pin 70. As a result, this displace 
ment is transmitted to the control rod 66 through the 
connecting rod 78. The control rod 66 is then moved 
along the moving axis, and the spool valve of the con 
trol valve 46 is actuated. 
Even if a swing angle of the swing arm 72 about the 

axis of the support pin 70 remains the same, the displace— 
ment of the control rod 66 in the right-and-left direction 
is changed upon a change in inclination angle of the 
support pin 70, that is, in pivot angle of the holder 68. 
More speci?cally, if the axis of the support pin 70 

forms an angle deviated clockwise from the moving axis 
of the control rod 66 (at the opposite phase position), 
the ball joint 76 at the distal end of the swing arm 72 
swings obliquely across the reference plane, and the 
control rod 66 is deviated to the right in FIG. 2 upon 
clockwise steering operation of the steering wheel 24. 
When the control rod 66 is deviated to the right, the 
rear wheels RL and R are steered counterclockwise, 
as will be described later. In other words, in this oppo 
site phase state, the rear wheels are turned in a direction 
opposite to the turning direction of the front wheels. 
Meanwhile, if the axis of the support pin 70 forms an 

angle deviated counterclockwise from the moving axis 
of the control rod 66 (at the in-phase position), the ball 
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12 
joint 76 at the distal end of the swing arm 72 swings 
obliquely across the reference plane at a side opposite to 
the opposite phase state, and the control rod 66 is devi 
ated to the left in FIG. 2 upon clockwise steering opera 
tion of the steering wheel 24. When the control rod 66 
is deviated to the left, the rear wheels RL and RR are 
turned to the right, as will be described later. In other 
words, in this in-phase state, the rear wheels RL and R 
are turned in the same direction as the turning direction 
of the front wheels FL and FR. 

In order to change an inclination angle of the support 
pin 70 with respect to the moving axis, i.e., an inclina 
tion angle of the holder 68 with respect to the reference 
plane, a sector gear 92 as a worm wheel is integrally 
attached to the support shaft 74 of the holder 68. The 
sector gear 92 is meshed with a worm gear 96 which is 
rotated together with a rotational shaft 94. A bevel gear 
98 is integrally attached to the rotational shaft 94. The 
bevel gear 98 is meshed with a bevel gear 102 which is 
mounted coaxially with an output shaft 100a of a step 
ping motor 100 as a control motor. 

In this manner, when the stepping motor 100 is oper 
ated, the sector gear 92 is pivoted, and the inclination 
angle of the holder 68 with respect to the reference 
plane is changed. In other words, the in-phase, opposite 
phase, and neutral states of the turning angle OR of the 
rear wheels RL and R with respect to the front wheels 
FL and FR are changed and controlled in accordance 
with the rotational amount of the stepping motor 100. 
The neutral position is defined at a position where the 

central line of the sector gear 92 is perpendicular to the 
central line of the rotational shaft 94. When the sector 
gear 92 is pivoted clockwise when viewed from above 
the vehicle body, the rear wheel turning angle ratio is 
controlled in the opposite phase state wherein the rear 
wheels RL and R are directed in a direction opposite 
to the front wheels FL and FR. On the other hand, 
when the sector gear 92 is pivoted counterclockwise, 
the rear wheel turning angle ratio can be controlled in 
the in-phase state wherein the rear wheels RL and R 
are directed in the same direction as that of the front 
wheels FL and FR. 

Stopper members 104 and 106 on opposite phase and 
in-phase sides are mounted on a casing (not shown) of 
the turning angle ratio control mechanism 64 at two, 
i.e., left and right sides of the sector gear 92. The stop 
per members 104 and 106 comprise pins for regulating a 
pivot range of the sector gear 92. In this manner, when 
the pivot angle from the neutral position reaches — 17.5 
degrees, the sector gear 92 abuts against the opposite 
phase side stopper member 104, and its pivotal move 
ment is regulated. 
Upon pivotal movement of the sector gear 92 to the 

in-phase side, when the pivot angle from the neutral 
position becomes 20 degrees, the sector gear 92 abuts 
against the in-phase side stopper 106, and its movement 
is regulated. The control position of the stepping motor 
100 is regulated so that the sector gear 92 is located at an 
opposite phase side position in an initial state. 
Note that in order to regulate a maximum moving 

range of the relay rod 38 in the rear wheel steering 
apparatus 10, rod stoppers 108 are arranged at both the 
sides of the coupling member 56. 
As shown in FIG. 1, an oil ?lter 110 is interposed 

midway along the oil supply pipe 50. A fail-safe oil 
branch pipe 112 branches from the oil ?lter 110 in addi 
tion to the oil supply pipe 50. The distal end portion of 
the oil branch pipe 112 is forked, and two distal ends 
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1120 and 11211 are respectively connected to input ports 
of fail-safe solenoid valves 114 and 116. The output 
ports of the pair of solenoid valves 114 and 116 are 
respectively connected to return oil branch pipes 118a 
and 118b. These return oil branch pipes 118a and 11% 
are combined into one return oil pipe 118, and the pipe 
118 is connected to the reservoir tank 48. 
Upon an ON operation of an ignition key of the vehi 

cle, the solenoid valves 114 and 116 are energized to 
close the corresponding oil branch pipes 112a and 112b, 
and are deenergized to open the pipes 112a and 112b. As 
a result, only when the solenoid valves 114 and 116 are 
closed, an oil pressure from the hydraulic pump 54 acts 
on the control valve 46. If a failure is detected during 
the rear wheel steering operation, as will be described 
later, an energization to the solenoid valves 114 and 116 
is cut off by a control unit 132 (to be described later), 
thus executing a fail-safe operation. 
As a result, one of the solenoid valves 114 and 116 is 

opened, so that the oil pressure from the hydraulic 
pump 54 is released to the reservoir tank 48 without 
acting on the control valve 46. Therefore, no oil pres 
sure acts on the power cylinder 40, and the relay rod 38 
is pressed by the pair of return springs 40d from two 
sides, and is mechanically biased to the neutral position. 
That is, a fail-safe function is effected, and the rear 
wheels are fixed at the neutral position, that is, the vehi 
cle is mechanically ?xed in a two-wheel steering (2W8) 
state. 
As described above, the rear wheel turning angle 

ratio is de?ned by the pivot position of the sector gear 
92. A turning angle ratio sensor 120 is attached to the 
sector gear 92 so as to detect the pivot angle of the gear 
92, thus detecting the preset rear wheel turning angle 
ratio. Note that the turning angle ratio sensor outputs a 
zero value at the neutral position, outputs a positive 
value in the in-phase state, and outputs a negative value 
in the opposite phase state. 
As shown in FIG. 3, in this embodiment, in order to 

achieve the vehicle-speed sensitive four-wheel steering 
system, two, i.e., ?rst and second vehicle speed sensors 
122 and 124 are arranged. The ?rst vehicle speed sensor 
122 is connected to a coupling portion of a speedometer 
shaft 128 to a transaxle 126, and the second vehicle 
speed sensor 124 is arranged in a speedometer 130. The 
vehicle speed sensors 122 and 124 are of lead switch 
type, and output a four-pulse output signal per revolu 
tion of the speedometer shaft 128. 
The stepping motor 100 serves as a turning angle 

ratio changing means, and its operation is controlled by 
an output from a control unit 132 incorporating a mi 
crocomputer, as shown in FIG. 1. The control unit 132 
executes a fail-safe operation when a predetermined 
failure occurs in the 4WS state, and ?xes the rear wheel 
turning angle ratio to a value which is different from a 
preset normal characteristic and is determined accord 
ing to a vehicle speed before lock detection in a wheel 
lock detection state (to be described in detail later). 
The control unit 132 receives a power supply voltage 

from a battery (indicated by +8 in FIG. 4) through a 
relay/timer circuit 134, as shown in FIG. 4. The ?rst 
and second solenoid valves 114 and 116 and the step 
ping motor 100 also receive the power supply voltage 
from the battery through the relay/timer circuit 134. 
The voltage from the relay/ timer circuit 134 is supplied 
to the control unit 132 through an oil level switch 136 
(to be described later). 

10 

30 

35 

45 

65 

14 
The relay/timer circuit 134 is connected to an igni 

tion switch (indicated by IG in FIG. 4). Upon an OFF 
operation of the ignition switch, the relay/timer circuit 
134 cuts off the power source voltage from the battery 
to respective components connected thereto after a 
predetermined period of time has passed. The relay/ 
timer circuit 134 is connected to an L terminal of an 
alternator 138 for detecting a failure, as will be de 
scribed later. When an input voltage at the L terminal is 
equal to or lower than a predetermined voltage, the 
control unit 132 disables the relay to stop supply of a 
voltage to the respective components, thereby inter 
rupting 4WS control. . 
Note that the control unit 132 detects a voltage gen 

erated by the alternator 138. When the detected voltage 
exceeds a predetermined voltage, a drive state at a pre 
determined engine speed is detected. 
When an ignition voltage input upon ON operation of 

the ignition switch is not equal to or higher than 9 V, 
the relay/ timer circuit 134 outputs a failure signal to the 
control unit 132. 
As shown in FIG. 4, the control unit 132 is connected 

to the ?rst and second vehicle speed sensors 122 and 
124, a brake sensor 140 which is turned on when a brake 
pedal is depressed, and an inhibitor switch 142 attached 
to a selector lever. 
The control unit 132 executes the following failure 

detection as well as the above-mentioned two types of 
failure detection based on outputs from the sensors 
connected thereto. More speci?cally, the failure signal 
is output to the control unit 132 when the first and 
second vehicle speed sensors 122 and 124 output vehicle 
speed quick change signals, when outputs therefrom are 
different from each other, when the outputs become 
zero during travel, when the calculated value of the 
pivot angle of the sector gear 92 upon operation of the 
stepping motor 100 is different from the output value 
from the turning angle ratio sensor 120, when an output 
circuit of the solenoid valves 114 and 116 malfunctions, 
is disconnected or is short-circuited, when an output 
circuit of the stepping motor 100 malfunctions, is dis 
connected, or short-circuited, when the output from the 
turning angle ratio sensor 120 falls outside a setting 
range, when the reference output signal from the turn 
ing angle ratio sensor 120 cannot be fetched, and when 
the oil level switch 136 in the tank of the hydraulic 
pump is turned on. 
Note that the control unit 132 receives the above 

mentioned failure signal, and executes one of three 
types of fail-safe operations according to the content of 
the failure, that is, such that the stepping motor 100 is 
driven to forcibly set a 2WS mode, that energization to 
the solenoid valves 114 and 116 is cut off so that no oil 
pressure acts on the control valve 46 and the control 
valve 46 is mechanically ?xed by the biasing forces of 
the pair of springs 40d, or that a voltage supply to the 
rear wheel steering apparatus 10 is cut off to interrupt 
the control operation. 

In this embodiment, when the engine speed is equal to 
or higher than 2,200 r.p.m. and when an OFF signal is 
output from the inhibitor switch 142, that is, the selector 
lever is brought to a travel setting position other than an 
N (neutral) range or a P (parking) range, a travel state is 
determined. In this state, the control unit 132 is set so 
that when no vehicle speed data is output from the ?rst 
and second vehicle speed sensors 122 and 124, an abnor 
mality of the vehicle speed sensors is determined as 
described above, and the failure detection is executed. 
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The failure detection operation itself is not a wrong 
control content. However, if the failure detection oper 
ation is always executed to induce a fail-safe operation, 
drawbacks are caused in the following cases. For this 
reason, in this embodiment, the failure detection opera 
tion based on the abnormality of the vehicle speed sen 
sor described above is inhibited. 
More speci?cally, upon an inspection of a vehicle in 

an auto repair shop, in order to inspect whether or not 
an engine output can be regularly obtained, a test is 
performed, wherein an acceleration pedal is depressed 
to increase an engine speed while the brake pedal is 
depressed to forcibly stop the vehicle. In this test, if an 
engine is normal, the engine speed is increased to a 
value exhibiting a maximum torque. In this test, if a 
failure detection is not restricted, the above-mentioned 
failure detection is executed since no vehicle speed data 
is obtained from the vehicle speed sensors 122 and 124 
although the travel state is detected. 
However, in this embodiment, when the brake pedal 

is depressed to turn on the brake switch 140, it is defined 
that the above-mentioned failure state is caused by the 
test, and in this case, inhibition control for restricting 
failure detection is executed. 

In this embodiment, an unnecessary failure detection 
operation is inhibited in the test of the vehicle by utiliz 
ing the brake switch, thus improving workability of a 
test operation. 

In a normal travel state, the control unit 132 has a rear 
wheel turning angle ratio according to the present 
travel state, i.e., the detected vehicle speed in accor 
dance with a normal ?rst turning angle ratio character 
istic indicated by a solid curve I in FIG. 5. In this con 
trol unit 132, the stepping motor 100 is driven and con 
trolled so as to turn the rear wheels RL and RR based 
on the rear wheel turning angle ratio determined ac 
cording to a higher one of the two vehicle speeds de 
tected by the transaxle side ?rst vehicle speed sensor 
122 and the speedometer side second vehicle speed 
sensor 124. Y 

The vehicle speed detection is executed by calculat 
ing a moving average from the latest six vehicle speed 
data sampled at l3l-msec intervals by the vehicle speed 
sensors 122 and 124. 

In the control unit 132, a lock control operation when 
the wheels are locked during travel of the vehicle is 
executed as separate control independently of the 
above-mentioned fail-safe operation. 
As discussed in detail in the prior art, in this embodi 

ment, when a vehicle travels along a curved road at a 
speed higher than a predetermined vehicle speed (35 
km/h), since the front and rear wheels are turned in the 
in-phase state, a so-called high-speed cornering charac 
teristic can be maintained well. If a driver ?nds an ob 
stacle ahead during the high-speed cornering, he 
quickly depresses a brake pedal. When the wheels are 
locked by the quick braking, although an actual speed 
of the vehicle is not quickly decreased, the vehicle 
speed data output from the ?rst and second vehicle 
speed sensors 122 and 124 become zero. For this reason, 
the detected vehicle speeds become lower than the 
predetermined vehicle speed, and the front and rear 
wheels are turned in the opposite phase state. 
That is, during cornering, the rear wheels are turned 

from the in-phase state to the opposite phase state. For 
this reason, although the front and rear wheels must 
?rmly grip the road surface in the in-phase state in order 
to assure stable travel while keeping the vehicle position 
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during cornering, the rear wheels are turned to the 
opposite phase state to generate a yaw rate, and acci 
dental turning tendency of the vehicle is quickly en 
hanced. As a result, a so-called tuck-in phenomenon 
occurs, and the vehicle may cause a spin, resulting in a 
dangerous state. 

In order to evade such danger, in this embodiment, 
when the control unit 132 detects the lock state of the 
wheels, danger evasion control for setting a rear wheel 
turning angle ratio at a stable side (to be referred to as 
lock control hereinafter) is executed. 
The control unit 132 executes lock detection as fol 

lows. That is, the control unit 132 determines that the 
wheels are locked: 

(1) when the brake pedal is depressed and the brake 
sensor 140 is turned on; 

(2) when the detection result of the vehicle speed 
from the ?rst vehicle speed becomes substantially zero; 
and 

(3) when the detected vehicle speed quickly before 
substantial zero determination of the vehicle speed is 
made from the detection result of the ?rst vehicle speed 
sensor is 30 km/h. 
The detection content of the ?rst vehicle speed sen 

sor 122 in the above condition (2) is set to be “substan 
tially zero” since the existing lead switch type vehicle 
speed sensor has poor detection accuracy and makes 
zero determination within a detected vehicle speed 
range of about 10 km/h to zero. 

In the condition (3), the detected vehicle speed imme 
diately before substantial zero determination of the 
vehicle speed is made is de?ned by the average value of 
the six detection results immediately before the last 
sampling time of the six detection results used when the 
substantial zero determination of the vehicle speed is 
made, i.e., 131 msec before. 
When the three conditions are satis?ed, lock determi 

nation is made, and the control unit executes the follow 
ing lock control based on this lock determination. 

In this lock control, in order to maintain a stable 
travel state, a ?xing operation for ?xing the rear wheel 
turning angle ratio to a value at an instance when the 
vehicle speed immediately before lock determination is 
detected is executed. More speci?cally, as indicated by 
a broken curve II in FIG. 5, when the vehicle is quickly 
braked at a vehicle speed of 35 km/h or higher and the 
wheels are locked, even though the vehicle speed de 
tected by the ?rst vehicle speed sensor 122 is substan 
tially zero, the following rear wheel turning angle ratio 
is kept unchanged in the in-phase state when the detec 
tion is made. With this ?xing operation of the rear 
wheel turning angle ratio, the rear wheel turning angle 
ratio is held in a stable side, and the rear wheels can no 
longer be turned. In this embodiment, travel property 
when the wheels are locked can be safely assured. 
As can be understood from the above discussion, 

when the vehicle speed immediately before the lock 
state is equal to or higher than 30 km/h and is lower 
than 35 km/h, the rear wheel turning angle ratio is kept 
unchanged in the opposite phase state. However, since 
the rear wheel turning angle ratio when the vehicle 
speed is equal to or higher than 30 km/h and is lower 
than 35 km/h is almost zero, if this rear wheel turning 
angle ratio is kept unchanged, no problem is posed. 
As described above, in the normal rear wheel steering 

control or failure detection, the ?rst and second vehicle 
speed sensors 122 and 124 are used as detection means. 
As a vehicle speed detection means in the lock detection 
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operation, only the transaxle side ?rst vehicle speed 
sensor 122 is used, and the speedometer side second 
vehicle speed sensor 124 is not used. The ?rst and sec 
ond vehicle speed sensors 122 and 124 are coupled to 
each other through the speedometer shaft 128. Since the 
speedometer shaft 128 is rigid but long, a change in 
rotation of a driven gear at the transaxle cannot be 
accurately and quickly transmitted to the far second 
vehicle speed sensor 124 due to a variation in a twist 
direction or an inertia upon transmission of rotation. 

In this embodiment, in the normal rear wheel steering 
control or in the failure detection, the two vehicle speed 
sensors 122 and 124 are used. However, in the lock 
detection operation, only one vehicle speed sensor, in 
particular, the transaxle side ?rst vehicle speed sensor 
122 is used. In this manner, in the lock detection opera 
tion, a vehicle speed can be detected in a short response 
time. 

In this embodiment, a comparison operation is not 
executed such that after the values of the two vehicle 
speed sensors are compared, a higher detection value is 
employed. For this reason, a detection operation time 
becomes very short, and the short response time can be 
assured. 

In this embodiment, as the failure control content 
described above is separately executed from the vehicle 
speed detection operation in the lock detection opera 
tion, a coincidence/noncoincidence of the output val 
ues from the ?rst and second vehicle speed sensors 122 
and 124 is detected. As long as both the output values 
coincide with each other, failure detection is not made, 
and the ?rst vehicle speed sensor 122 is employed as the 
vehicle speed detection means. 
However, if the output from the ?rst vehicle speed 

sensor 122 is quickly changed and becomes zero for any 
cause and if only an output from the second vehicle 
speed sensor 124 is obtained, lock determination is not 
made using the detection result from the second vehicle 
speed sensor 124 and the failure detection is made based 
on the noncoincidence between the detection outputs 
from the vehicle speed sensors 122 and 124, thus execut 
ing the above-mentioned fail-safe operation. 
More speci?cally, in the fail-safe operation in this 

case, energization to the ?rst and second solenoid 
valves 114 and 116 is cut off, and the hydraulic circuit is 
disconnected. Upon disconnection of the hydraulic 
circuit, the rear wheels RL and RR are not turned but 
are ?xed in the so-called 2W8 state by the biasing force 
of the pair ' of coil springs 40d even when the front 
wheels FL and FR are turned. A fail warning lamp 144 
arranged in a meter panel shown in FIG. 4 ?ashes once. 
In this manner, the fail-safe operation is executed. 

In the control unit 132, failure detection based on a 
malfunction of the ?rst vehicle speed sensor 122 de 
scribed above is not executed when the brake pedal is 
depressed to turn on the brake switch 140, and the lock 
control described above is executed. The failure detec 
tion based on the fact that the output from the ?rst 
vehicle speed sensor 122 is quickly changed and be 
comes zero is executed only when the brake switch 140 
is kept OFF. 
Of the three conditions of lock determination de 

scribed above, a state wherein the vehicle speed de 
tected by the ?rst vehicle speed sensor 122 is quickly 
changed and substantially becomes zero and a state 
wherein the ?rst vehicle speed sensor 122 malfunctions 
and immediately stops outputting data in the condition 
(2) appear as an identical state. For this reason, in this 
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embodiment, data corresponding to a zero output from 
the ?rst vehicle speed sensor 122 when the brake switch 
140 is turned on is used for lock determination, and data 
corresponding to a zero output from the first vehicle 
speed sensor 122 when the brake switch 140 is kept 
OFF is used for failure detection. 

In this embodiment, when the wheels are locked by 
the braking operation during travel, even if the output 
from the ?rst vehicle speed sensor 122 becomes zero, 
since this zero state is based on the lock state of the 
wheels, no failure detection is made and the lock detec 
tion operation is reliably executed. 
As a result, the drawback caused when the failure 

detection is performed when the output from the ?rst 
vehicle speed sensor 122 becomes zero and the steering 
state is forcibly ?xed to the 2W5 state, that is, the draw 
back that when the wheels are locked by quick braking 

_ during travel at a vehicle speed of 35 km/h or higher, 
the operation for forcibly ?xing the 2WS mode is exe 
cuted based on the fail-safe control although the rear 
wheels are ?xed at the turning angle ratio for the in 
phase state and the stable travel state must be main 
tained, and the rear wheels RL and R are turned from 
the in-phase positions to the neutral position, can be 
reliably prevented. 

In this embodiment, the fact that the output from the 
?rst vehicle speed sensor 122 becomes zero while the 
brake switch 140 is kept OFF during travel means that 
the stop state is detected by the ?rst vehicle speed sen 
sor 122. Therefore, in this state, an abnormal state such 
as a malfunction of the ?rst vehicle speed sensor 122 is 
detected, and the above-mentioned failure detection is 
executed. ' 

In the control unit 132, the following limitation about 
the lock detection is imposed. That is, in the above-men 
tioned lock detection operation, when the vehicle speed 
detection result from the ?rst vehicle speed sensor 122 
accompanies a quick increase in vehicle speed over a 
predetermined value, lock detection is not executed, 
and the rear wheels RL and R are steered in accor 
dance with the ?rst turning angle ratio characteristic 
indicated by the solid curve I in FIG. 5. 
More speci?cally, the control unit 132 detects a 

change in vehicle speed detection result per second 
from the ?rst vehicle speed sensor 122. If it is deter 
mined that the change in vehicle speed per second ex 
ceeds a predetermined value (40 km/h), i.e., the vehicle 
speed is quickly increased, even if the lock detection 
state occurs immediately thereafter, in other words, the 
above-mentioned lock determination conditions are 
satis?ed, no lock detection is performed, and shift to 
lock control is inhibited. In the lock control inhibition 
state, the rear wheels RL and R are steered in accor 
dance with the ?rst turning angle ratio characteristic 
described above. 

In the control unit 132, since the limitation is imposed 
on lock detection, when a road surface has a low fric 
tion coef?cient, in other words, when the road surface 
is frozen, safe travel property of the vehicle can be 
assured when the acceleration pedal is depressed 
strongly upon starting and a so-called wheel spin state 
occurs. 

More speci?cally, when the wheel spin state occurs 
upon starting of the vehicle, control of the vehicle is 
lost and the vehicle may be turned sideways. In this 
case, a driver quickly depresses the brake pedal while 
turning the steering wheel 24 in order to correct the 
vehicle position. If the wheels are locked in this state, 


















